Scope: The incidence of cancer is significantly lower in regions where turmeric is heavily consumed. Whether lower cancer incidence is due to turmeric was investigated by examining its effects on tumor cell proliferation, on pro-inflammatory transcription factors NF-kB and STAT3, and on associated gene products. Methods and results: Cell proliferation and cell cytotoxicity were measured by the MTT method, NF-kB activity by EMSA, protein expression by Western blot analysis, ROS generation by FACS analysis, and osteoclastogenesis by TRAP assay. Turmeric inhibited NFkB activation and down-regulated NF-kB-regulated gene products linked to survival (Bcl-2, cFLIP, XIAP, and cIAP1), proliferation (cyclin D1 and c-Myc), and metastasis (CXCR4) of cancer cells. The spice suppressed the activation of STAT3, and induced the death receptors (DR)4 and DR5. Turmeric enhanced the production of ROS, and suppressed the growth of tumor cell lines. Furthermore, turmeric sensitized the tumor cells to chemotherapeutic agents capecitabine and taxol. Turmeric was found to be more potent than pure curcumin for cell growth inhibition. Turmeric also inhibited NF-kB activation induced by RANKL that correlated with the suppression of osteoclastogenesis. Conclusion: Our results indicate that turmeric can effectively block the proliferation of tumor cells through the suppression of NF-kB and STAT3 pathways.
Introduction
According to the World Health Organization, 80% of the Earth's inhabitants (seven billion) rely upon the traditional medicine for their primary health-care needs, in part due to high cost of Western pharmaceuticals. Medicines derived from plants have played a pivotal role in the health care of both ancient and modern cultures [1] [2] [3] [4] . One of the prime sources of plant-derived medicines is spices. Turmeric is one such spice that has been consumed over the years around the world. Derived from the rhizome of the plant Curcuma longa, turmeric has been used for centuries as a medicine to treat digestive disorders, liver problems, skin diseases, and wounds. Epidemiologic data indicate that some extremely common cancers in the Western world are much less prevalent in regions (Southeast Asia, for example) where turmeric is widely consumed in the diet (http:// wwwbotanicalcom/botanical/mgmh/t/turmer30html) [5, 6] .
Although much more is known about curcumin, a component of turmeric, very little is known about turmeric itself [7] . A previous study demonstrated the anti-cancer potential of dietary turmeric in a 7,12-dimethylbenz(a)anthracene (DMBA)-induced carcinogenesis hamster model [8] . Turmeric contains over 300 different components including essential oil (2-7%), curcumin (3-5%), starch, acid glycans ukonan (A, B, and C), free arabinose (1%), fructose (12%), glucose (2%), and minerals [9] . Although dietary turmeric contains over 300 different components, only curcumin has been extensively investigated. Research over the past half century has indicated curcumin's potential against various chronic diseases including cancer both by in vitro and in vivo studies [10, 11] . Turmeric oil has been shown to enhance the bioavailability of curcumin in vivo [12] . Other constituents of turmeric such as demethoxycurcumin (DMC), bisdemethoxycurcumin (BDMC), and tetrahydrocurcumin (THC) have also been reported to exert anti-cancer activity [13] . A recent study indicated that curcumin-free aqueous turmeric extract has the potential to suppress benzo [a] pyrene-induced tumorigenesis in mice [14] . In another study, curcumin-free turmeric inhibited DMBA-induced mammary tumorigenesis in rats [15] . These reports suggest that components other than curcumin may also contribute to the anticancer activities of turmeric.
While curcumin is a minor component of turmeric, it is the latter that is consumed everyday as a dietary spice. Therefore, the objective of the current study was to examine whether turmeric exhibits various in vitro activities similar to that of curcumin. The results to be described indicate that like curcumin, turmeric can also suppress pro-inflammatory transcription factors nuclear factor kappa B (NF-kB) and signal transducers and activators of transcription 3 (STAT3), inhibit tumor cell proliferation, and suppress bone loss.
Materials and methods

Materials
Turmeric used in our studies was a standardized preparation (Turmeric ForceTM) supplied by NewChapter (Brattleboro, VT, USA). Stock solutions of turmeric (100 mg/mL) were prepared in dimethyl sulfoxide (DMSO) and diluted as needed in media. Olive oil present in turmeric force was removed by dissolving in DMSO followed by centrifugation at 41C for 10 min [16] . Bacteria-derived human tumor necrosis factor (TNF), purified to homogeneity at a specific activity of 5 Â 10 7 U/mg, was kindly provided by Genentech (South San Francisco, CA, USA). Penicillin, streptomycin, RPMI 1640 medium, Iscove's modified Dulbecco medium (IMDM), Dulbecco-modified essential medium (DMEM)/ F12 medium, and fetal bovine serum (FBS) were obtained from Invitrogen (Grand Island, NY, USA). The antibodies against cyclinD1, cellular inhibitor of apoptosis 1 (cIAP1), Bcl-2, Bax, p-STAT3 (Tyr  705 ) , STAT3, and b-actin were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Antibodies against cellular FLICE-inhibitory protein (c-FLIP) and X-linked IAP (XIAP) were purchased from Imgenex and BD Biosciences, respectively. Dichlorodihydrofluoresceindiacetate (DCF-DA) was purchased from Molecular Probes (Invitrogen, CA, USA).
Cell lines
Tumor cell lines KBM-5 (human myelogenous leukemia), HCT-116, HT-29 (human colon adenocarcinoma), Panc-28 (pancreatic cancer), MDA-MB-231 (human breast), U266 (human multiple myeloma) were obtained from the American Type Culture Collection (Manassas, VA, USA). The mouse macrophage cell line RAW 264.7 was kindly provided by Dr. Bryant Darnay. Human myeloid KBM-5 cells were cultured in IMDM with 15% FBS. HCT-116, HT-29, Panc-28, MDA-MB-231, CaCo-2, and A293 cells were cultured in DMEM. U266 cells were cultured in RPMI 1640 medium with 10% FBS. RAW 264.7 cells were cultured in DMEM/ F12 medium supplemented with 10% FBS. All media were supplemented with 100 U/mL penicillin and 100 mg/mL streptomycin. All cells were passaged at 80% confluency in 1 mM EDTA and 0.025% trypsin for 3-5 min.
Measurement of cell proliferation by the 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT) method
The effect of turmeric on the proliferation of cells was determined by measuring mitochondrial dehydrogenase activity, using MTT as the substrate. The assay relies on the fact that mitochondrial dehydrogenases of viable cells cleave the tetrazolium ring of MTT, yielding purple MTT formazan, which are measured spectrophotometrically at 570 nm.
Western blot analysis
Whole-cell extracts were prepared in lysis buffer (20 mM Tris (pH 7.4), 250 mM NaCl, 2 mM EDTA (pH 8.0), 0.1% Triton X-100, 0.01 mg/mL aprotinin, 0.005 mg/mL leupeptin, 0.4 M phenylmethylsulfonyl fluoride, and 4 mM Na 3 VO 4 ) [17] . Lysates were centrifuged at 14 000 rpm for 10 min to remove insoluble material. The resulting supernatants were collected and kept at À801C. Proteins were resolved by SDS-PAGE and electrotransferred to nitrocellulose membranes, blotted with relevant antibodies, and detected by incubation with an enhanced chemiluminescence reagent (GE Healthcare, Piscataway, NJ, USA).
Measurement of reactive oxygen species
Intracellular reactive oxygen species (ROS) were detected in cells pre-incubated with 20 mM DCF-DA for 15 min at 371C before treatment with turmeric. After 30 min of incubation, the increase in fluorescence resulting from oxidation of DCF-DA to DCF was measured by fluorescence-activated cell sorting (FACS). The mean fluorescence intensity at 530 nm was calculated. Data were collected from at least 10 000 cells at a flow rate of 250-300 cells/s.
Osteoclast differentiation assay
To determine the effect of turmeric on receptor activator of NF-kB ligand (RANKL)-induced osteoclastogenesis [18, 19] we cultured RAW264.7 cells, which can be induced by RANKL to differentiate into osteoclasts in vitro. RAW 264.7 cells were cultured in 24-well dishes at a density of 1 Â 10 4 cells/well and allowed to adhere overnight. The medium was then replaced, and the cells were co-incubated with different concentrations of turmeric and 5 nM RANKL. At Day 5, the cells were stained for tartrate-resistant acid phosphatase (TRAP) expression, as previously described, using an acid phosphatase kit (Sigma-Aldrich, St. Louis, MO, USA), and the TRAP-positive multi-nucleated osteoclasts (greater than three nuclei) were counted.
Electrophoretic mobility shift assay
To evaluate the effect of turmeric on NF-kB activation, we carried out electrophoretic mobility shift assay (EMSA) as described previously [20] . In brief, nuclear extracts were incubated with 32 P-labeled 45-mer double-stranded NF-kB oligonucleotides (15 mg of protein with 16 fmol of DNA) from the human immunodeficiency virus long terminal repeat 5 0 -TTGTTACAA GGGACTTTCC GCTG GGGACTT-TCCAGGGAGGCGTGG-3 0 (boldface indicates NF-kBbinding sites) for 30 min at 371C, and the DNA-protein complex formed was separated from free oligonucleotide on 6.6% native polyacrylamide gels. The dried gels were visualized, and the radioactive bands were quantitated using a Storm 820 phosphorimager equipped with ImageQuant software (Amersham, Piscataway, NJ, USA).
Measurement of cell viability by live/dead assay
To measure apoptosis, we used the live/dead s viability assay kit (Invitrogen), which determines intracellular esterase activity and plasma membrane integrity. Calcein-AM is a nonfluorescent polyanionic dye retained by live cells, in which it produces intense green fluorescence through enzymatic (esterase) conversion. Ethidium homodimer enters cells with damaged membranes and binds to nucleic acids, producing bright red fluorescence in dead cells. In brief, treated or untreated cells were stained with the live/ dead reagent (5 mM ethidium homodimer and 5 mM calcein-AM) and incubated at 371C for 30 min. Cells were analyzed under a fluorescence microscope (Labophot-2; Nikon, Melville, NY, USA).
NF-kB-dependent reporter gene expression assay
NF-kB-dependent reporter gene expression was assayed using NF-kB/SEAPorter TM assay kit (Imgenex, San Diego, CA, USA). HEK 293 cells were cultured in DMEM medium with 10% FBS and 500 mg/mL G418 antibiotic. Cells were cultured in 6-well dishes at a density of 0.5 Â 10 6 cells/well and allowed to adhere overnight. The medium was then replaced, and the cells were treated with turmeric for 4 h. Cells were then treated with TNF (1 nM) for 24 h, and the culture medium was used for SEAP assay essentially following the manufacturer's instructions and using Victor 3 microplate reader (Perkin Elmer Life and Analytical Sciences, Boston, MA, USA).
High-performance liquid chromatography analysis
Curcumin content in turmeric was determined by HPLC (Waters separation module Alliance 2695, and dual l UV detector 2487; Waters, Milford, MA, USA). In brief, turmeric was dissolved in 100% DMSO (100 mg/mL), further diluted (100-fold) in a mobile phase and then 10 mL injected into HPLC column. The injected sample was then analyzed for curcumin content at 425 nm. Separation was performed on a silica-based C18 column and a mobile phase consisting of a mixture of ACN:tetrahydrofuran:water (containing 1% citric acid) in a ratio of 12:25:63, respectively. Amount of curcuminoids (curcumin, DMC, and BDMC) was calculated from area under curve (AUC) using pure curcuminoids as standards.
Statistical analysis
Experiments were repeated a minimum of three times, with consistent results. Data were given as the mean7 standard deviation (SD). Statistical analysis was carried out using a two-tailed unpaired Student's t-test. Values of Ã po0.05 and ÃÃ po0.01 were considered statistically significant.
Results
The objective of this study was to investigate whether turmeric has potential to modulate NF-kB and STAT3 pathways. We investigated the potential of turmeric in modulating gene products associated with tumor cell development. Whether turmeric can inhibit proliferation and survival of tumor cells and can suppress bone loss was also investigated. We used TNF-a as an inducer of NF-kB as NF-kB activation by this cytokine is relatively well known.
Turmeric contains curcuminoids
We analyzed the total amount of curcuminoids present in turmeric. The HPLC analysis indicated that turmeric contained 7.9% curcumin, 3.1% DMC, and 2% BDMC (Fig. 1A ). These observations were based on the analysis of pure curcuminoids that represented curcumin (78%), DMC (18%), and BDMC (4%) as the major components (Fig. 1B ).
Turmeric suppresses TNF-induced NF-jB activation
Because NF-kB plays a major role in tumor cell survival, proliferation, chemoresistance, metastasis, and in bone loss, we investigated whether turmeric has potential to inhibit NF-kB activation. We used chronic myeloid leukemia cells (KBM-5), treated them with different concentrations of turmeric and then with TNF-a for NF-kB activation. As evident from EMSA results, TNF-a induced NF-kB in KBM-5 cells. When the cells were treated with turmeric, the TNF-ainduced NF-kB activation was significantly reduced in a dose-dependent manner without affecting cell viability. We found that the inhibition in NF-kB activation was maximum at 70 and 100 mg/mL turmeric ( Fig. 2A) . We also investigated whether turmeric has potential to inhibit constitutively active NF-kB in various kinds of cancer cells. We found that turmeric inhibited NF-kB activation in a variety of tumor cells such as breast, pancreas, and multiple myeloma (data not shown).
Using DNA-binding assays, we demonstrated that turmeric inhibits NF-kB activation. However, DNA binding alone is not always associated with NF-kB-dependent gene transcription. Therefore, we determined whether turmeric affects TNF-induced reporter gene expression. We stably transfected HEK293 cells with the NF-kB-regulated SEAP reporter construct and incubated the cells with different concentrations of turmeric before stimulation with TNF-a. We found that TNF-a induced almost 15-fold increase in NFkB-regulated reporter gene expression and that turmeric suppressed the activity in a dose-dependent manner (Fig. 2B ). These observations along with EMSA results confirmed the inhibitory effect of turmeric on NF-kB activation.
Turmeric suppresses STAT3 activation
Next, we examined whether turmeric has potential to inhibit STAT3 activation, another pro-inflammatory transcription factor linked with tumor cell development. Activation of STAT3 requires the phosphorylation at Tyr 705 . Therefore, we examined the ability of turmeric to modulate phosphorylation at this site. We found that a variety of cancer cells expressed constitutive activation of STAT3. This included multiple myeloma (U266), pancreatic (Panc-28), colorectal (HCT-116 and HT29), and breast (MDA-MB-231) cancer cells. The chronic myeloid leukemia cells (KBM-5), however, did not express constitutive activation of STAT3. Turmeric inhibited the constitutive phosphorylation of STAT3 in most of these cells in a dose-dependent manner. Expression of total STAT3 protein was not affected under similar conditions (Fig. 3A) . 
Turmeric inhibits expression of proteins regulated by NF-jB and STAT3
Because turmeric inhibited NF-kB and STAT3 activation, we examined the effects of turmeric on the expression of proteins regulated by these transcription factors. We found that turmeric inhibited the expression of numerous gene products linked with tumor cell development in a dosedependent manner in multiple myeloma, pancreatic, colorectal, and breast cancer cells in a dose-dependent manner (B) Turmeric suppresses expression of gene products involved in tumor cell survival, proliferation, and metastasis. Cells were treated with indicated concentrations of turmeric for 24 h. Whole cell protein extracts were prepared, separated by electrophoresis, and then transferred to the nitrocellulose membrane. The membrane was sliced according to molecular weight to probe with different antibodies. After stripping, the membrane was reprobed with b-actin to verify equal protein loading. Turmeric up-regulate the expression of Bax. Cells were treated with indicated concentrations of turmeric for 24 h, and whole cell protein extract was analyzed by western blotting using antibody against Bax. (Fig. 3B) . First, turmeric decreased survival-associated proteins (Bcl-2 and cIAP1). Second, the expression of proliferation-associated proteins (cyclin D1 and c-Myc) was down-regulated. Third, turmeric also inhibited the expression of CXC motif receptor 4 (CXCR4), a chemokine receptor regulated by NF-kB.
Turmeric up-regulates the expression of pro-apoptotic protein, Bax
We also examined whether turmeric modulates the expression of pro-apoptotic protein, Bax. We observed that this spice up-regulated the expression of Bax in various cancer cells in a dose-dependent manner (Fig. 3B ).
Turmeric induces death receptors (DR)-4 and DR5
One of the ways for the induction of death in cancer cells is through up-regulation of death receptors, DR4 and DR5. Therefore, we examined whether turmeric can enhance the expression of DR4 and DR5 in colon cancer cells. The results indicated that turmeric induced both DR4 and DR5 in a dose-dependent manner. A maximum induction was observed at 50 and 70 mg/mL turmeric (Fig. 4A) . The generation of ROS has been implicated in the induction of DR4 and DR5 by certain agents [21] [22] [23] [24] [25] . Therefore, we investigated whether induction of DR4 and DR5 by turmeric is through a similar mechanism. Consistent with the induction in death receptors, turmeric induced ROS production in a dose-dependent manner (Fig. 4B ).
Turmeric potentiates the cytotoxic effects of chemotherapeutic drugs
Whether turmeric affects the viability of HCT-116 cells was also examined. The results showed that turmeric alone can affect the viability of these cells in a time-dependent manner (Fig. 5A) . We further found that in the same cells turmeric induced cytotoxicity correlated with the inhibition of NF-kB activation (Fig. 5B) , and NF-kB-dependent cell survival proteins in a time-dependent manner (Fig. 5C ). Because NF-kB activation has been implicated in tumor cell chemoresistance [26, 27] , we investigated whether turmeric can sensitize tumor cells to chemotherapeutic agents. We treated HCT-116 cells with turmeric (for 12 h) followed by treatment with capecitabine and taxol (for 24 h) and then assessed the membrane integrity using the live/ dead assay. Results indicated that turmeric, capecitabine, or taxol alone at the dose examined induced minimum death in cancer cells. However, when cells were pretreated with turmeric, capecitabine-induced apoptosis was enhanced from 5 to 52% (Fig. 5D) and that of taxol-induced apoptosis was enhanced from 4 to 45% (Fig. 5E ). These results indicated synergistic interaction between turmeric and chemotherapeutic agents.
Turmeric inhibits cancer cell proliferation
Because NF-kB and STAT3 has been linked with cancer cell proliferation [26, 27] cells in a time- (Fig. 6A ) and dose-dependent (Fig. 6B) manner.
Turmeric is more potent than curcumin
Because curcumin is one of the active components present in turmeric, we compared the relative potency of turmeric with curcumin. Turmeric used in our studies contained 7.9% curcumin (Fig. 1) . We treated cancer cells with 70 mg/ mL turmeric that corresponded to approximately 5 mg/mL curcumin. In a parallel set of experiments, we also treated tumor cells with 5 mg/mL curcumin. A comparison made between turmeric and curcumin indicated that turmeric was more potent in inducing inhibition of growth of various cell lines (Fig. 6C ). For example, in breast cancer cells curcumin induced 33% growth inhibition, while 66% growth inhibition was observed by turmeric containing equivalent amount of curcumin. A similar trend was observed with other tumor cells. These observations indicate that components other than curcumin might contribute to the potency of turmeric.
Turmeric suppresses RANKL-induced osteoclastogenesis
Because NF-kB is implicated in the process of osteoclast formation and bone destruction, we investigated whether turmeric can affect osteoclast formation. We used RANKL to induce NF-kB and osteoclastogenesis. Results indicated that RANKL induced NF-kB activation, while pretreatment with turmeric inhibited NF-kB activation in a dose-dependent manner (Fig. 7A) . Consistent with these observations, turmeric also inhibited RANKL-induced osteoclast formation (Fig. 7B) . Taken together, these results indicate that turmeric has potential to inhibit RANKL-induced NF-kB activation and osteoclastogenesis.
Discussion
Extensive research over the last three decades has made it clear that inflammation plays a major role in many chronic diseases including cancer [28] [29] [30] . It has also become apparent that as many as 90% of cancers are caused by lifestyle factors and thus may be preventable [31] . The golden spice turmeric has been used extensively in Southeast Asia in the diet and as an anti-inflammatory agent and is well described as ayurvedic medicine [7] . Curcumin, a minor component of turmeric (3-7%), has been linked to the regulation of inflammation and cancer [7, 32] . It is not known whether turmeric itself exhibit activities similar to curcumin. The present study was thus designed to address this question by investigating turmeric's effects on NF-kBand STAT3-activated inflammatory pathways, on associated inflammatory proteins, and on cellular responses activated by these pathways. We found for the first time that turmeric inhibited constitutive and inducible NF-kB activation. Whether examined by DNA binding or reporter gene expression, turmeric inhibited NF-kB activation. This is in agreement with a previous study demonstrating dietary turmeric's ability to modulate the DMBA-induced NF-kB pathway in a hamster model [8] . How turmeric inhibits NF-kB activation is not clear. However, previous studies have shown that curcumin has the ability to inhibit IKK activation, one of the major kinases involved in NF-kB activation pathway [33] . It is likely that turmeric is inhibiting NF-kB activation through a similar mechanism. We also found that turmeric inhibited STAT3 activity in tumor cells. Numerous mechanisms have been proposed for STAT3 activation including activation of JAKs [34] , and down-regulation of phosphatases [35] . It is very likely that inhibitory effect of turmeric on STAT3 activity is through inhibition of one or more mechanisms.
We also found for the first time that turmeric inhibited expression of gene products involved in tumor cell survival, proliferation, and metastasis. The cell survival proteins Bcl-2 and cIAP1 are found overexpressed in tumor cells [36] and have been reported to be regulated by NF-kB and STAT3. The cell proliferation proteins cyclin D1 and c-Myc are other known downstream targets of NF-kB and STAT3 [36] . CXCR4 has been shown to be regulated by NF-kB as well [37] . That turmeric treatment was associated with downregulation of expression of proteins involved in tumor cell survival, proliferation, and metastasis could be due to the observed inhibition of the activation of NF-kB and STAT3.
We found that turmeric has potential to induce proapoptotic protein Bax, thus indicating turmeric's ability in inducing apoptosis in tumor cells. Cancer cells are known to undergo apoptosis chiefly through extrinsic and intrinsic pathways. While intrinsic pathway involves mitochondria, the extrinsic pathway is mediated through the death receptors. Turmeric's potential in inducing death receptors suggests the involvement of extrinsic pathway of apoptosis. Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) is one of the cytokines of TNF superfamily with potential to induce apoptosis selectively in cancer cells through induction of DR4 and DR5 [38] . However, acquired resistance to TRAIL owing to dysregulated expression of DR4 and DR5 represents one of the major hurdles in TRAIL-based therapeutics [39, 40] . That the turmeric was able to induce death receptor may offer an opportunity for its use in combination with TRAIL as cancer therapeutics. We found that turmeric induced ROS in colon cancer cells. Previous studies have suggested the role of ROS in inducing death receptor by certain agents [21-23, 25, 41, 42] . Therefore, it is likely that turmeric induced DRs through a similar mechanism.
We found that turmeric suppressed the proliferation of various tumor cells. This inhibition correlated with a reduction in the expression of cell proliferation proteins such as cyclin D1 and c-Myc. The dysregulation and overexpression of cyclin D1 [43] and c-Myc [44] , which are observed in the majority of cancer patients, has been proposed to play a critical role in the pathogenesis of the disease. The downregulation of cyclin D1 and c-Myc expression are likely involved in turmeric's ability to inhibit tumor growth.
We also found that turmeric has the potential to sensitize cancer cells to existing chemotherapeutic agents (capecitabine and taxol). The sensitization may be attributed to the inhibition of NF-kB activation pathway. These effects are similar to those reported previously for a specific inhibitor of NF-kB [45] and for curcumin [46] . The development of drug resistance has been one of the major hurdles for the success of cancer therapy. Thus, our observations provide an opportunity for the use of turmeric in combination with existing drugs to overcome chemoresistance. How cancer patients develop chemoresistance is not properly understood. However, cell survival proteins such as Bcl-2 [36] and cIAP1 [36] have been shown to play a role. Inhibition of cell survival proteins by turmeric as observed in the present study could sensitize cancer cells to the chemotherapeutic agents.
We also found that turmeric inhibited osteoclast differentiation and thus bone loss induced by RANKL. Inhibition in bone loss correlated with a decrease in NF-kB activation. An antibody against RANKL (Prolia) has been approved for the treatment of age-or cancer-induced bone loss. Osteoprotegrin (OPG) is another agent known to inhibit osteoclast differentiation by sequestering RANKL [47] . Our observations indicate that turmeric can antagonize RANKL through inhibition of NF-kB. In agreement with our observations, a previous study demonstrated the potential of dietary turmeric in preventing osteoclastogenesis and bone destruction in a rat model of rheumatoid arthritis [48] . Concomitant with inhibition in osteoclast formation in this model, turmeric also suppressed NF-kB activation and RANKL expression. Taken together, these observations indicate that both OPG and turmeric has similar activity although the mechanism may be different.
We found that turmeric was more potent when compared with curcumin, suggesting that components other than curcumin can also contribute to anti-cancer activities. Most of the activities reported for turmeric in this manuscript have already been reported for curcumin. Thus, our observations indicate that turmeric exhibits spectrum of activities similar to curcumin. Together, our findings indicate that turmeric can suppress inflammatory pathways and tumorigenesis, and can inhibit bone loss in vitro. These observations open up new possibilities with turmeric to conduct in vivo studies in animals followed by human clinical trials.
